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II. AGENDA OF CONFERENCE

~

- Monday, 10:00 A. M, August 23 Chairman: H. M. Roth

Part I - Waste Disposal Program Currently in

4.

Monday,
Part II

Effect at Oak Ridge « « « &« + o oL Bs Emlet or alternate

~
2

Types of‘wasﬁsresulting from local
plant operations.

Methods of storage and/or disposition
of thess wastes.

Types of Wwaste received from other sites.,

Activity stonderds usod es e guito in !
dotormining the ultimste disposition of
waste materials, ' !

L3

2:30 P, M., dugust 23 Chairman: A, H. Holland, Jr.

- Effectiveness of Present Waste Disposal
Systems at Oak Ridge « o « « o o o K, Z. Morgan

Summary of results of tests of activity ' i
levels along the White Osk Creek and Lake. '

Natural ion exchange reaction of clay.

Discussion on the burial grounds used
for disposition of solid waste . « . . P, B. Orr

Type of stretification in the region.

Discussion of anslyses of soil samples
for determining the degree of soil
adsorption and degree of activity levels.

Effectivencss of algae as a medium to
concentrate activity.
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IIT. INTRODUCTION

A committee consisting of representatives from Dow and
Monsanto Chemical Companies, Argonne National Laboratory,
and Division of Engineering, AEC, Washington, has been
formilated to study the AEC-wido problem of disposing of
process waste solutions., The mombers are:

S. Lawroski, Argonne, Chairman

(W, A. Rodger, Argonne, Alternata)

J..Grobo, Dow Chemical Company

L. A. Mathison, Dow Chemical Company

W. Hurschkind, Dow Chemical Company

M. N. Haring, Monsanto Chomicel Company

F, C. Moad, Honsanto Chemicel Gompany

J. H. Hayner, Division of Engincering, #EG,
Washington

(H, Noble, Division of Engincering, AZC,
Washington, Alternatc)

The committec, in its investigation of the problem, plans
to visit thc verious sites vhich arc confronted with dis-
posing of process weste solutions and which have oxporionce
in handling thom.

IV. PURPOSE OF CONFERENCE

It is proposed to ascertain the nature of the weste disposal
probloms confronting the Osk Ridgo plants and to determinc
the scope and nature of the rescarch and dovolopment related
to the problom.

Y
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V. LIQUID WASTE DISPOSAL SYSTEM

at
Ozk Ridge National Laboratory

by E. J. Witkowski
P. B, Orr

STMMARY

This report is divided into two main sections. The first is a general
review of the facilities available for handling liquid waste solutlons with
brief statements of mud and water contamination in White Cak Creek and the
Clinch River. The second part includes a flow chart and a more detailed
description of the handling of liquid waste solutions,

GENERAL

The liquid waste disposal system, commonly known as the Tank
Farm Area, is divided into three sections, as follows:

1. The North Farm - consisting of two, 4400-gsllon, and
two, 40,000-gazllon-Gunite tanks.

2. The South Farm - corsisting of six, 170,000-gallon-
Gunite tanks; one, 1300-gallon-Gunite
tank comnected to an 800-gallon,
stainless steel tank.

3. Settling Basin Area - consisting of a large earthen~diked
pond of 1,600,000-gallon capacity and a
smaller, 32,000-gallon Retention Basin.
Two other ponds are provided for emergency
use only,

A1l of the Gunite tanks are of similar construction regardless
of size. The tanks are constructed of reinforced concreta, five
inches thick, with dome-shaped tops, The inside wall is painted
with a water-proofing compound, Approximately six feet of earth
is used as shielding on top of cach of the tanks. The tanks are sct
on a concrete saucer four feet larger in diameter than the tank.
The saucer is filled with crushed rock to tho top of the side wall
of the tank and thus provides a Fronch drain which is piped to a
drywell., The drywclls of all tanks drain to the Retention Pond in
the Scttling Basin Area, The Retontion basin is sampled at four-
hour intorvals. Any increase in the activity dictetecs an investi-
gation of the individual .drywells, To the best of our knowlcdge,
the tank walls arc intact.

The Scttling Basin is a drodged pond about 200 feet square and
six feet decp. Tho waste waters enter the pond through five, cight-
ineh lines to a woir box which spans the north side of the pond.

TEEIE T YD VS 1Y TR S TWRNTIN TEA, VT e e e S, TR SR T e T, SRR ¥ M e
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The wator is discharged through a similar woir to- White Oak Creck.
Botwoen the inlot and exit weir boxes arc a series of floating
surface baffles to insurc effective mixing and to provent algae
_growth from drifting into the exit weir. The Retention Pond is a
drodged basin about twenty-five feet squaro and two feet decp. It
is used morely as a hold-up basin, i

N In genoral, three types of wastes are handled in the Tank Farm
roa:

1. Chomical waste solutions containing varying amounts
of radioactivo salts and-particles, These wasto
solutions originatc in tho Chemistry labs, the pro-
cossing plants, snd the Pile Building. 4 flor of
about 430,000 gallons a day with an avorago activity
of approximstely one hundrod bota counts/min/ce is
piped directly to thc Scttling Basin for disposal in
White Osk Creck. A smailor volumo (7,000 gallons/day)
with activities in oxcoss of 25,000 beta counts/min/ce
is collected in the Gunite tanks and allowed to dacay
for thirty to sixty days before being disposecd of
through the Scttling Basin %o White Osgk Crcck.

2. ietal westc solutions containing uranium, plutonium,
and fission products are roccived at the rate of
5,300 gallons/month for storage in the Gunite tanks.
To conscrve tank storage spacc thesc solutions arc
treated periodically with o fifty-porcent caustic
solution to precipitate the Source and Fissionable
matorials. The supornetant is then decanted to the
chemical wastc systom for disposal in White Oak Crecok.
The precipitation troatment reduces the volume by a
factor of two. At the prosent time approximately
132,460 kg of uranium arc stored in e volume of 540,000

gallons,

3, Miscollancous waste solutions from other AEC installations
are roceived in drums and specially-designed, lead~shielded
pots. Theso solutions vary in composition, Somo contain
Sourcg and Fissionabla matorials which arc handled in tho
motal waste system, Others are aqueous fission product
solutions which arc handled with the chomical wastes.
Occasionally solvent solutions aro racoived in which
case the solvent is raemoved by stesn distillation and
the activity is transforrod to the tanks,

Whito Osk Oreok is a small stream running along the south’ boundry
of the Scttling Basin, Its flow variass from 0.7 eu, ft, to 24.5 cu,
Pt/sccond, depending upon the rainfell. About two and z half miles
below the Settling Basin is a dam to retard the flow and allow further

s
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settling of radioactive matoPials, Tho White Oak Crock empties into

tho Clinch Rivor about a Half milo downstrcam from the dam, *

The amount of -adtivity discharged from the Settling Basin to the
White Qak Creck is limited to five curies/day. This limit is con-
trollod by the flow rate and ‘activity discharged from the Gunite
chomical wastec tanks; ‘

Mud samples taken in the upper part of the lake formed by the dam
on Whité Osk Crock range from ninety to 25,000 counts/min/gm of mad.
The highest detected in the mud of the Clinch River bolow the mouth
of tho Whitc Oak Greok showed 116 counts/min/gm of rmd, Wator flowing
over the White Oak Crcck dam avorages ten counts/min/cc, while just
abova the K-25 plant side on the Clinch River the water moasurcs

1,6 counts/min/cc.
B, OPERATION

1., Chomical Waste Solutions:

The following facilitios of the Tank Farm Arca aro usced in
handling the chemical waste solutions:

Tank No. Capacity Location
W-l 4 ,400-Gallon-Gunite Horth Farm
W-2 4,,4,00-Callon-Gunite North Farm
W-5 170,000-Gallon-Gunite South Farm
W-6 ‘ 170,000-Gallon-Gunite South Farm
W-11 1,300~Gallon~Gunite South Farn
W12 800-Gallon Stainless Stecl South Farn
Settling Basin 1,600,000 Gallons Scttling Basin Arca

Retontion Pond 32,000 Gallons Settling Basin Arocec

For case in handling, the chemical waste solutions are divided
into two groups:

a. Llarge volume (average of 430,000 gal/day) and low
activity wastes (average of 100 beta counts/min/cc)
originate from the floor drains, laboratory sinks,
canal ovorflow, and the operations in the Rolling
Mill and Fan House, Thesc waste solutions are for
tho most part piped diroctly to the Sottling Basin,

b. Small volume (avorage of about 7,000 gal/day) and
high activity (in oxcess of 25,000 counss/min/ce)
wastes originate in the various processing build-
ings, fan scals, stack drains, laboratory hot
sinks, or as shipments from other AEC installations.
Thoso wastes enter either the catch tanks (W-1 and
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If thoractivity is Toss than 25,000 counts/

T the ‘solution is disposed-of to the Scttling
1f tho activity is in excess of +this limit,
solution is collected in onc of the hold-up
(W-5 or W-6)., The diversion tank (W-12) is
with an automatic steam jot which transfers
waste solution to one of the hold-up tenks
or W-6).

of tho solution in the hold-up tanks causcs

Sottling Basin.

2., Motal Waste Solutionss

11 quantities aro reccived from othor AEC sites.
bearing wastes are stored in the following tanks:

Tank No. Capacity
W-3 A0,000-Gallon-Guni'to --For Al,Pu,U Wastos
Wl A0,000-Gallon-eGunito)
W-7 l'?0,000-Gallon—Gunite)
¢ W-8 1’70,000-Ga110n-Gunito)- For Pu, U Wastes
W-9 170 ,OOO-Gallon-Glmito)
W-10 170,000~Gallon-Gunite)

systom and to White O2k Creck.

W-2) or tl;io diversion tank (W-12). Tho solutions:
collected in tho catch tanks (W~1 and W-2) aro
neutralized with sodium carbonate and sampled..’

CcCy
Basin,
the
tanks
equipped
the

(W-5

Tho collocted solutions in the hold-up tanks

(15 and W-6) arc maintaincd alkaline by sodium
carbonate. Under prescnt conditions a1l solu-
tions in the hold-up tanks arec allowed to decay
for approximately onc menth before disposing

of to tho Settling Basin. The alkaline condition

sorie

precipitation of the various activitics whilo

additional docontamination of the wastae solution
is realized, due to the carricr action of foroign
mattor, as the supernatant is passed through the

The uranium and plutonium vasto solutions originate in the

chomical processing buildings or tho laboratorics, whilc small
Thesce motal

Location

North Farm
North Farm
South Farm
South Farm
South Farn
South Farn

Vhon the Tenk Fern Arca vas dosigned in 1943, only threc
yoars! operation of tho plutonium pilot plant was expected. Tho
continuing operation of the Laboratory and increascd uses of
aranium indicated that the storage capacity of the metal waste
tanks would be cxccoded by 1949. To rcduce the volume of the
wasto to bo stored, the aranium and plutonium is precipitated
in the Gunite tanks by the addition of rifty-percont caustic
soda solution, After a sattling period, the supcrnatant liguor
containing about 0.,005% U is dooanted to tho chemical waste

Bt S - PUSHE.
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3, Miscollancous Waste Solutions: .

Tho liquid waste solutions received from other AEG installations
contain cither Source and Fissionable material or'radioactive salts.
They arc disposed of by jotting from the shipping container into

— - the appropriate system in the Tank Farm Area, -

NOTE ¢

Doveloprmont work is procceding on a concontration process for the high
activity chemical waste solutions, It is oxpected that an covaporator will
soon be installed in the Tank Farm Area to troat about 7,000 gallons of
wasto/day to roduce the volume by a factor of twenty. This concentrated
solution will thon bo stored rathor than disposing of the activities through
the Sottling Basin to White Oak Creck.

The following reports give more detailed information about tho disposal
of liquid waste solutions: .

1. Increaso in !ud Activity from T. H. J. Burnctt to W, H, Ray,
dated August 5, 1947, Sccret, (Discussion of factors-remedics).

2. Activity of Clinch and Emory Rivers (locations and valucs) from
T. H. J. Burnett to W, H, Ray, dated August 11, 1947, Restricted.

3, Water Activity Moasurcments Near Y-12 (methods and values) from
T. H. J. Burnett to Forraest Western, dated January 14, 1948,
Restrictod, Contral Files No. 48-1-173,

L. Activity Values in the Body of a Wildfowl (locaticn and valuos in
tissues) from T, H. J. Burnott to R. H. Firminhac, dated January 15,
1948, Rostricted, Central Files No. 48-1-368,

5., Moasurcment Mothod for White Oak Dam Discharge Volume (calibration
and interprotation) from T. H. J. Burnctt to R. H. Firminhac, datod
Decomber 1, 1947, Restrictod, Central Files No, 47-12-116,

6. Preliminary Report - Efficicney of White 02k Crock (docontamination
cffocted arca-wise) from T. H. J. Burnott to R. H. Firminhac, datod
Noveomber 3, 1947, Restricted, Contral Files No. 47-11-554.

7. Wator Activity Computatibns (caleulations and varisbles) from
T, H. J. Burnott to B, J, Witkowski, dated Januvary 14, 1948,
Restricted, Central Files No, 48-1~175,

ot onabiraees S X mategtry R - T

P —



e e UL T A

L AT

e 2]
l /01 TRUCK .
| DECONTAMINATIO N
. PARD ]
S

*
[T
L LTIV

1 .
Focon M

L_
]

l 10/

."wg)mi'7 R ———
| . LT
. .‘J U“ '

| %

."\, _
— \ Vanas
. \
- L ! \ -
—_—— N .

706-D

L L]

706-c

2-31¥15

§-CEces
T-N00Ds | YAULT




FLooR ¢ Simx

R 206-A [

} . .7

"
oo 2 10

+ - SPARE LinE
rrexiid;

SucTian
. Lint

(o -




et L T A = - e

) [ @ METAL WASTE /S  JETTED INTO W-4 THROUGH THE
, ' i

J .’

! 1

&M‘?_ﬁ C.‘?/.,\

TANK FARM CAPACITIES:

W-l 4800 GALS. wW-9 - /65000 Gmus.

wW-2 4400 i w-0 170,000 .

w-3 4,300 w -1 /,70 0 "

w-4 4,209 - =12 700 ot

w-5 /(76,000 . E. PoND 193 200 .

w-6 170 0oo - W. Pon D 293 200 -

w-7 /66 800 - Rér. Pewo 3{ 600 .

wW-8 179,000 “ Serriwé 8Astiy 4,600,000 GALS.

SamMeLivé:

ROUTINE SAMPLES ARE TAKEN £ VERY FOUR HOURs FROM THé
RETENTION PoNd, SETTLING BASIN OUTLET WIER AND THE
SETTLING BASINV DIVERSI10n BOKX

INTTEY
ONLY THE DRANAEE FRom 7TweE IRy WELL SySTEM &085

HB INTO THE RETENTION PoND , PENCE 4 HIGH A<reviry

LEVEL 1N THE ROUTINE RETENTION POND SAMPLES
INDICATES fi LEAK W ONE oF ruye TANKS oR
g VALVE PITs.

:': OFE-AREA WASTE DISPOSAL:
. e IMPORTED 30LUTIONS ANRE DISPOSED OF As £LOLLOWS/

FLEXIBLE SUCTION L/INC.
@ RAVIOACTIVE AQUEOUS WASTES ARE VETTED /vro
W-5 THROUGH THE Fioex/Bie Sverson LiNE,
3@ HEXONE 15 JETTED INTe THE HEXONE STILL AT W-/0.
! DISTILLED HEKONE GOES To 7ug DRY WECL: T HE
] '(, RESI1DUE 13 DRANED 1NV 70 w-—~ /0. ’

SR b oecovery:

! Ru'“s RECOVERED FRoM The

WASTE /7 puy SUITARBLE
/ TANK By EITRA(?‘/&AI‘ N D-3. THE WASTE FROM -3
,/ GOES 7o W-r2; K.’ PRopv

CT Sordrions ARE PRAWN
, OFF (NTe -2 AN)D 3ToRrED /v .,

4

/

;

[P
.
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VI. EFFECTIVENESS OF OUR PRESENT WASTE DISPCSAL PROGRAM.- 37 :-
- by
.. +--- -—Karl. Z, Morgan

S -4 f
.

There are many things that we do not know about the Waste Disposal
Program. Recognizing some of the limitatiorsof the system we are using,
the system of maximum dispersion, as contrasted to a system of concen-
tration and control, we have taken some steps to better orient ourselves.
Eighteen months ago we began efforts to get together a group to study our
vaste disposal problems, Sometime toward the close of 1947 we got a group
together composed of men from the United States Public Health Service,
Tennessee Valley Authority, United States Weather Bureau, University of
Tennessee, and Vanderbilt University. This group has a meeting in
Chattanooga today and for the rest of the week, and will not be here to
discuss their plans, However, Dr. Forrest Western of our Health Physics
Division will discuss the plans of this group with you tomorrov, I under-
stand that I am to discuss what we are doing regarding waste disposal and
how affective the system is, I did not have a chance to attond the moeting
this morning, but I will try not to duplicate what I think may have been
discussed. :

Wie have three types of radioactive waste--liquid, solid, and gascous.
There is not much we can say about solid waste exccpt to remind you that
since 1943 wo have had three buriel grounds--south, past, and west, A4s
yet wo have not madc a study of tho geology of this territory, although
Dr. A. H, Holland, Jr. has omployecd Dr, Stockdale of the University of
Tennessee, who will make a comprchensive study of the geology of this area.
Proliminary investigation hes rovealed many geological feults in the arca;
in fact, our burial ground is in about the worst possible place, because
of its proximity to a fault. Solid waste gots into ground water and may
show up many miles away.

N// Gascéus Wasto: Tho Clinton Pile is air-~-cooled, We discharge about

800 curios nor day of argon--fortunately, our bodics have no way of con-
contrating radioactive argon. Thoreforo, the damsgc done by argon is
from the outside 4n; rathor than from the lungs out, In the chemical
soparations processes at Oak Ridgo National Laborstory we have iodine,
phosphorus, barium, lanthamum, end possibly a fow other radioisotopes
that have introduced air contamination problems on somo occasions,

In addition, we have a recont problom that has doveloped in that

vic havae bocome awarc of the sorious conscquonces of small particlos
emitted from the pile duc to rupturcd slugs. This condition was first
discoverod in 1944 but was thon thought to bo of little consoquence,
Recont measurements indicate that thero are large particles ranging from
1{2 micron up to 400 microns in diamotor which aro dispersed from the pile

Tsohargo steck, Somo of the perticles sottle upon the arca adjacent to
the stacks., It is noteworthy that if the particles arc inhaled into the
lungs thousands of cells adjacent to the particle will be destroyed in a
day. A large portion of the airborne activity ultimately finds its way
in the liguid wasto bzsins., |It is knovn that morc activity is intreduced
to the wastc basing from the air then from the tank farm,
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Tho remaindéf’bf the locturc is to be presented with ‘lantorn slides,
as follows: . o

siido 1 - Table showing maximin permissiblo oxposurc to verious types of

radiation, (Note: The maximum permissible oxposurc has recontly
boon reduced from 0.5 reps por vieck to 0.3 rops per wack. )

81ido 2 - X~22 chambor--large pocket metor for moasuring'gamma and somo

beta activity.

S1ido 3 - "Dog housos" - Thoy arc located out to distances of 10 miles

from tho.labo;atory. They usc Geiger counters for rocording
the air activity. -

S1ide 4 ~ Continuous air monitor, precipitator, and matal can for collecting

air samples.

Slide 5 - Effoctivonass of measuring systom for measuring air activity.

S1idec 6 - Pilo index and air activity.

S1lide 7 - Indicates changes in air activity. °In gonoral, there are two

typos of tolerances with which we are concernod~--submorsion
toloranco, which is radiation coming in from the fluid outside
the body, and intornal tolcrance jovels. Somo activity is
soloctively debosited in the body. Iodine of course produccs
a vory high cxposure tc the thyroid and plutonium to the bonc.

Slide 8) - Computation of tolerance velucs for ingestion and submersion,

Slido 9)

Slide 10 - Retio of activitics from preceding table to tolerance vslues

for ingostion and submersion,

g1ide 11 - General tolorance levels - we have a factor of safoty of 100

S1ideo 12)-
Slide 13)

81ideo 15 -

Slide 16 -

above these figures.

No comment, -

.81ide 1 - Bffectivoness of our sottling basin which varics vith time.

Map of Whitc Osk Creck and Lako.

Picturc of White Osk Dam end fish gates, W maintain that a
porson could drink the water in White Oak Lake for the rost
of his 1ifo without damege. The lovel of activity must be so
low thet persons or fish could swim in weter for rest of life

without damage.

S1lide 17 - Mud varics in White 0=k system., In the 1light of studics mado

we belicve that the activity tonds to follow the coursc of tho
cley. Wo have made dopth measuromonts, otc.

sl
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nowing total rédioactivity;$£ Vhitoe Oak drainage.s
Leke holds up 70% of thc activity. o

Slide 18 .- Graph s

91ide 19 - Mothods of gamma cownting.

S1lide 20 - Alpha countors.r

We do not claim that our waste disposal system is ideal. Our systom
was set up during the war during which our principal effort was to get a
pilot plant into operation, Now we rocognize its limitations. Some of tho
necessary changes in our pile arrangement and waste disposal system are
underway. Studies are being undertaken for concentrating radioactive wasto
at the source of radiation. It will be sonme time before we have all the

ansvers t6 our problems of waste disposal.
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VII. BRIAL (ROUNDS FOR SOLID WASTE.
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. ' Material hendled in the burial ground is separated into two ‘categories.
Alpha and beta-gamma trash are kept separste, and treated differently.

The bata-gamma material originates here at Osk Ridge National
Laboratory and congists mainly of trash from the Restricted Area. This is
placed in long, open trenches at thé extreme west end-of the burial ground.
These trenches are usually about 20 x 40! x 10' deep, When they have been
£illed up to about two feet of the top, they are covered with earth.

" . About ninety percent of the alpha contaminated waste is recdived: from
other Atomic Energy Commission sites. Dayton sends the greatest amount.
Eaéh batch of alpha material is handled separately, i. e., a hole about
20! x 20' x 10! deep is dug for each shipment received. 4s soon as the
waste is in the trench, a layer of dirt is placed on top and a layer of
conereto poured on the dirt, The concrete is used to prevent anyone from
digging up the relatively long helf life alpha matorial in the future.

A maximum tolerance is maintained for the waste roccived from othor
locations, Alpha smears of containers should not exceed 10 counts per
minute, and 200 counts per minute for beta-gamma,

Difficulty is cncountored in the burial of alpha material, expecially
in the winter. The location of the alpha burials is hot very satisfactory,
Some rain water from the side of the hill north of the burial ground drains
into the alpha burials. When a shipmont is buriod, it should be covered
with concrote the same day to prcvent any of tho waste from floating to
the top of the hole in case of rains, This has occurrced in the past.

The treatmont of solid wastes is very poor at best, and it is hoped
that some other method of waste disposal can be developed in the future.

Question: Could the material be placed #n containers so that it would not

float out of the ground?
Answer: The material is in containers, but once or twice the containaers
have burst and black liquid has floated out of the ground.

Question: Would it be possible in casc of future need to exhume thesc

"dead bodics"?
Answor: Tt could be done but would requirc a jack hemmer to do it.

Question: How much concrote do you usc in covering?
Angwers: About 10 imches. (Wo havo had two or threc special burials,
such as radium, which are marked as to location,
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" Quostion: How much is burdied a ﬁéé§§ o e T :
Ansvier: We £ill'a bota-gamma trench 30-40! long and 20' wide about every
; two weaks .- . .
" Question: .4 lot of this material could bo combustibla? :
Ansviors Yos-= about 50%. We have received quite a lot.of combustible

~ material recently.

Question: Would it not be better to have the burial.ground located on a
hill rather than its present location? " It scoms that on a hill
* if ahy leaching occurs you would have morc chanse of washing
it out, ’ .
Answer: Yos it would, as far as wator soopage into the trenches is
concerned,

Question: TIs the presont burial ground down to bad rock?
Angwor: Yos, it is, Ve have cora-drilled north and west of tha prosent
burial ground and it appoears that the future burial ground will be

yiest of the prosent location.
Question: Did you find any activity in the section you cora~drilled?
Answor: Wie did not chock for that.

Dr. Grebe: I am rather concerned about going to bed rock., It is limestone,
isn't it? It scems that porcolation viould be greater if it was
not on elay, I heve kmown of acid boing put into an oil woll
that was only producing a barrel a day and it affocted the wells
as muoch as six miles avay which were only producing two or threc
barrels a day. It is quite common for an oil well which was
treated to show up A0 feect avay before it has a chance to work
vhere it was put in. Yet the well was cspped so tightly with
clay that the gas pressure vas retainod.

Question: Do you bury much liquid?

Answer: Yes, wo have quite a lot of liquids,
hot at times, and in that case it go
than the burial ground,

mostly alpha. It is very
es to the tank farm rather

Dr. HMorgen: Onoc should point out in passing that the system we sre using
in disposing of radioisotopes is bocoming more and morc dangerous

because of the long life hazard.

Question: Do you plan to start monitoring as soon as you obscrva an increase

in background?
Answer: Whon we got that data it will be considered.

Unless we get your support and interost we cannot make further

investigntions along the lines outlined above.
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- VIII. BELATED RESEARCH ON ION EXCHANGE

b o
by
J» A, Swartout
 Introduction:

_ Although the Chemistry Division of Oak Ridge National Laboratory has
done little work directly aimed at the liquid waste disposal problem, there has
been considerable research on principles of various extraction procedures and

their appliocation to specifiec processes.

Tn the case of ionsexchange, our back-log of fundamental information
is eppreciable; Before examining the potential applications of ion-exchange
to the concentration and isolation of radioisotopes from liquid wastes, a few

qualitative principles should be considered:

Qgglitative Principles:

The extént of removal of radioisotopes from solutions by a given
ion~exchanger is dependent upon (1) the state of the radioisotope and (2) the

nature of the solutions.

1, State of Egdioiﬁotogééﬁ_ e . 3

a) Sinci’a cation exchanger exhibits a high capacity only for
cations, a lower and irregular capacity for colloids and no capacity for
anions, the state of the radioisotope in solution is of prime importance.

. b)+ The extent of exchange increases with increasing ionic charge,

i, es, 4¥ 237320 v,

¢) For ions of equal charge the axtent of exchange increases with
decreasing hydrated ionic radius. This is strikingly indicated in the data
on rare earths separations vhich follow,

2. Nature of the Solution.

a) The extent of exchange of an ion present 2s a minor constituent is
highly . dependent upon the type end concentration of the bulk ion, in accordance
with the exchange reaction, ™ 4 YRR nXm"Rl'n 4 mynE,

b) ‘The prescnce of complexing agents in the solution may greatly
alter the extent of exchange by changing the effective ionic charge and/or

radius.

solutions will illustrate the offect

of thaesc factors. For a detailed and quantitative discussion of principles,
reforonce is made to a series of papers in tha Noveomber, 1947, Journal of the

American Chomical Society.

Examination of spocific waste
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Spoeific-Potontial Aphlipations:
T

"7 .The non-hetal containing waste éﬁiﬁﬁibhéngésepting_thé,greatqst

ML & B A . . R et PR NN .
~gource-of “fission.activities are the supPorndte. from the first.produgt

;ﬁﬁeﬁgﬁ;ﬁﬁte”aﬁ Hdnfq;qﬂéndfﬁbe,?affihéﬁq;ﬁl@ﬂ)?ﬁfd@jthé proposad, RedoX.
“procegs. " In the case.of “the First by-product step at Hanford the,activities

.aro’conderitrated on aprécipitate whose disposal should be reletively simplo.

-+ 1., First Product Precipitation. Supernats -(Hanford).

- ,a) . Composition « ‘0.6 M H3PO,
- 1 M HNO3
; 0.02- M ¥o _
- 0.05 M (NHL)SiF6 o .
: o with ~~ 14 of the original fission rare earths,
Bordium :and gtrontium, — 0.2% of ruthenium;»=s0.05% of zirconium and columbium,
(see CN~2876) . ' '

b) Possibilitieg - Since the zirconium and columﬁium are sfrongly
complexes by SiFg=, the obvious applicetion of ion-exchange is for the concen-
tration and sepsration of the rare earths and possibly the alkaline earths.

" Tho raro carths will bo considered in detail by Mr. Ketella.

2. Redox Raffinato (IAW).

a) Composition - 0.7 M AL(NO3)3 or 4 M NHyNO3
0.6 M HNO3 :

0.05 M NaxCro0Oy _
with ossentially 11 of the fission products.

b) Possibilitics - Preliminary lsborstory exporiments have indi-
catad ‘that Zr and Cb may be adsorbed from this solution on charcoal, then
oluted with (NHy)oSiFg. This behavior is to be expected since Zr and Cb are
both probably present as colloids which =sre physicelly ddsorbed by the char-
coal, The strong complexing action of the SiFg® ion with both Zr and Cb permits
their removal. The indications of thzse oxploretory cxpariments that pure
7r and Cb ere thus produced requirc confirmation in more quentitative tests.
Other adsorbonts and ion-cxchangers such as sea sand, glass wool end Dowex 50,
proved to be definitely inforior.

Since more of the fission products are present as cations which
must compete with the Yery high concentration of Al*3 or NHA* ions, the pro-
spects for directly adsorbing these on an lon-cxchangor are not encoursging.
Proferontial comploxing of the bulk ion, i.c., 41%3 by fluoride, or the use
of vory largc beds to adsorb all of the bulk ion and the fission ions fol-
lowed by proforential clution arc thc alternestes. The latter approach will
be deseribed by the Tochnical Division.

Separation of Radioisotopes:

Procedures are now svailable and in use for sepasrating snd isolating
noarly ell of the fission products by ion-exchange techniques, The efficicney

i
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'with which very similar 1ons'may bo soparated”will bo 1nd1cated in the
discussion of tho rare earﬁhs. "It-is 10 be ‘omphasizod that in our radioisotope
" soparations thovfocd solutlons aro_as nesrly ideal for ion-exchange separation: .
as possible, i.a,, low bulk" ‘don* ‘and "with the radioisotope in trace concontrations.
" In addltion, thé ‘actual ‘addorption and desorption procosscs arc conducted at
noar eqnlllbrium condltlons reqpiring long contact. times.

......... A D T e e L

So paratlon of TranSwUranlc Elements'

In addition to the fission products, the «course of the trans-uranic
oloments in a separations procoss must be considerod. In the Redox procass
" small amounts of plutonium snd of amoricium will be in thc raffinatie as =
_rosult of tho incompleote cxtraction of Pu end the failura of An(III) to .
:‘oxtract, Doponding upon tho history of the meterial, some Np may be presont,

The amounts of curium can probably bc neglccied.

fan et Experlmonts on the separation of these from osch other have beon
:conductod &t Ozk Ridge National Leboratory and at Berkeloy. After adsorption
‘of the trans-uranic clements on Dowex 50, elution with 5% citric acid at

pH = 3 romoves consccutively Pu(IV), Cu(III), Am(III), Pu(III) end Np(TII).

) In summary, ion-cxchange is best suited to the concentration of
traco ions from dilute solutions and to the saoparation of ionic species after
intorforing bulk ions and complexing sgonts have beon climinatod.
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J,,A. .Swertout’ has outlined 2Bove tho basio principles underlying
the use of ion oxchengaer. columns and has indicated some of the apolications
to docontamination,. Tho separation of rare earth fission products from one
another will be discussed in somo detsil now,-

The strangth of bonding of ions by an oxchangor is related to the
ionié chenge and hydrated ion sizo,- As Dr, -Swartout indicated the order of
decroasing bond strongth'as a function of change_is 4'>§}&2:>1.’f£ho order
of adsorbability of fission products would bo Zry > Letll'> Ball >Tel,”.
Study of the relative binding of a sories of oquivalont icns has shown that
other factors being oqual the hydrated ion with the smsllest radius .will be
the most tightly held by an cxchenger, Evidence obtained from activity
coofficiont moasurcments indicates that the hydretod ion radii increase ¥ ith
incrossing atomic numbor so we prediet, and it is confirmed by oxperimont,
that tho ordor of binding of the light rare cerths fission vroducts should be
La>Co»Pr>Nd >61>Sm >Eu»Gd. - This difforence in adsorbebility is in-
sufficiont to yiold good separations by simple displacomont rcactions, -

Tt is known thst rarc carths form complex ions with acid citrate
ions and that the stability of these complex ions ineresses with decroasing
erystal radius, A slidc was projccted showing the relative srystal radii
of the raro carths, This showed the woll known decreasc of ion size with
incroasing stomic numbor. Thus, if a column of oxchanger holding a mixturc
of rarc ocarths is troeted with g buffer solution of citric acid and ammonium
citrate, the raro earth of highost atomic mumber will be clutod first sinco
it 1s not only held the least tightly by the exchanger, but it is slso bound
tha most strongly by the citrate ions of tho solution. By this process it is
found that rare carth scperation con be accomplished,

Two types of column opcration are used. In what may be referred
to as breoak through opoeration, a solution conteining ions of typc X is
pesacd through the column. It displaces ions of type Y from the cxchangoer
until the column approsches cquilibrium with respect to tho ratio of

activitics of ions X and Y in tho foed solution. 4s cquilibrium is approached,

tha concontration of ion X in tho effluent solution will increesc. This
type of oporetion hes not Boen found to give satisfactery scpsration of
rare carth fission products. In the sacond modec of oparstion, known as
chromatographic scpsration, a narrow band of the meteriels to be scpareted
is adsorbod at the top of the column, This single band separates intc its
savoral components as the devoldping solution flows through the column bocause

of tho differcncgs in the adsorbabilitics and stability of the citrate comploxes.

It is apparcnt that all factors which effoct the width of the band
when it is initially adsorbed st the top of the column will contribute to the
final band width as it is eluted since a broad band cannot contrzct on moving
down the column. Specifically high concontratiens of bulk ion such as aluminum
Or iron will cesusc the initial bend to bc broad snd the separations to be poor,

"I
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o Ideally these bands would have sharp boundaz;os becausé in practice
the, 1oad1ng and tralllng edges of. the effluent pesks.arc. 31gm01da1 as shown
1n the/flgure“ The succossiVG bando tend to overlap and glve Cross contaminatlon.

R D IIERIEE T e et -
! vt T Effluent i {
;‘:’ ’ ) ;l
¥ ion o
i,
&’ . \
. Concontration \\\\
time

The soveral factors which contribute to this mon-ideal bohaviour
aroc rolated to ono anothor in the following equation which comes from the
mass transfor theory of column operation.

Y’;B‘g;o—(.X>

whaore D1 is the diffusion constant of thc ion through the film of solution
of thickness Ar, which surrounds the particle of radiug r,. The fractional
void spacc is renrﬂsonted by £, the column longth by X and the lincar
valocity of flow of solution by V, Tho parametor Y is usced to describe

the sharpness of the boundarics of the band. Any chenge vhich incrcascs

the value of Y'will sharpen the band. Those factors which can be con-
trolled are D1 , X, V. According to theory the bend will be sharpcned
by increasing the dlffu31on constant, decreasing the particle size of the
exchanger, increasihg the length of tbc column or decreasing the solution
flow rate. Experiments have confirmed the theory for each variable, The
increase of diffusion constent is obtsined by elevating the temperature of
the' column, Typieal opersting conditions for good rere earth separation

are the use of a colum of 270-325 mesh exchanger 2 meter long a2t a tompsra-
turc of 100°C at a flow rate of 1 mi/cm?/min.

Sevoral slides were shown to indiceto typical separations obtained
of both hoavy and light rarc carths. (Scc next page.)

i The following example indicates the degree of scparaticn which

. is possible, A sample of erbium from which adjacent rarc carths had becn
removod by the ion exchenge mothod was irradiated with ncutrons in the
pilo. Aftor irradiation, thc samplec was subjcctcd to a scecond separation
on a column. Tho amount of activity scpareted in the pealk corresponding to
thulium is a moasurc of the inactive thulium present during irradiation.
Thus, it was possible to detormine that the original material contained only
0.001% of thulium,

T S TR




c Such soparatlons arc possible only undor carofully controlled
f conditlons. As has baen indicsgted,* thev.prosence of high concentrations of

[ j‘" bulk ionsg’ .or even noderato concen'bratlons*of ions .of high change mekes

i, such: soparations imposs:.ble. Theroforo Cing decon‘tamn.nating ‘solutions which

oy ’f' igontain inactive bulk ions——ihwould* bo-~neeessary sither to selectively—-
convert such ions to poorly adsor'bed complox ions cr to proferentlally
separato tho ective ions by some othor ngocess. Such operstiéns will be
discussed lator by Mr. Higgins end Mr. Blanco,
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X... PRECIPITATION AND SCAVENGER TECHNIQUES - |
T M,n;; ﬁi ~ vy y
::fiiziﬁi"?’“f‘R;'W. Stoughton

- {,. ' R .
Those mothods in general sre less prodictable and less understood
than cortain adsorption and solvent cxtraction methods.

4. garrior Mochanigns.
1) GColloidsl -particlos arc usually carried by entrainment.
2) -Adsorption (surfaco or inner),

An exsmple of carrying by surface adsorption is the carrying of
Ba** and Zr(IV) by lenthanum fluoride, LeFs.

100%

%

tracer
carried

concontration of sdded imsctive Batt or Zr(IV)—

Hero the carrying is duc to surfacc adsorption 2nd hencc only
that fraction of the Bab* or Zr(IV) in solution is carried which will
approximately cover the surface of the precipitate,

3. "HMixod Crystal" Carrying.

a) Isomorphous carrying (tracer and carrier have seme crystslline
form) example: carrying of Pu(ITI) by BiPO,.

b) True mixed crystal formation (here we actually got a new sub-
stance, a double salt, boing formed) examples: carrying of Pu(IV) by
lanthanum fluoride end bismuth oxslate. ,

Here csrrying is usually good up to some atomic rasio, Ytracer®/
carrior, of small whole numbers.

e) Occlusion - an oxemplo is the well known coprecipitation of
small amounts of K5O, with BaSO,.

4. HMolecular Adsorbers (as Charcpal, Silica, Alumine, TiO, Zeolites).
These scavengers remove Szlts from solution. A disadvantage for
our work is that ususlly e large amount of material is neceded,also in work
on the Hanford proccss decontamination factors of only about 2 to 5 were
obtained with the metal waste solution,

5, MnOp =~ This substence is knowm to be a genersl scavengor at low
acid concentration end hecomes more specific as the acidity is raised; the

Touimimbntnin,
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mcchanism of cerrying is not known. 4t 10 M HNO3 this material is quite
specific, carrying only Cb(V), Ta(V) and Pa(V).

B. Mathomstical Formulas which hold for some types of carrying.

The first two bold for certain cascs of carrying by crystelline
procipitates and the third is morc geoneral.

1, Borthclot-Nernst cquation (holds for some cascs of rapid pr001D1f icn;
cquilibrium not sttained continucusly as precipitation occurs):

X z D
a - X —
b-y
or X = D a-x
¥ b~y
whero: x is the amount of trecer in the precipitate.
¥ is the amount of carrier in the precipitate.
a is the amount of tracer criginally in solution.
b is the amount of carrier criginelly in solution.
?a~~ x) is the amount of tracer in the solution after precipitation.
(b = y) is the emount of carrier in the solution =fter preocipitrtinn,
D is a constant.
2, If wo have s very slow proci it(tion, thon this cccurs as a
differential process. qulllbrlu etlaincd continuously tetween surfeee layer

4.
of precipitate end solution). In thst casc vie get the so-called Doerncr-Hoskins

oquation:
. \
log (}ﬂ_ = A log (:9_'
a- b-y/

where A is a constant simply reclated to D.

3. Another cquation which is almost universally valid and is attributed
to C. D. Coryell:

X . 7 - g*k(b-sclubility of carricr)

where k is an experiment2lly doterminad constant, an? the
other symbols have thc above meaning.

This cquation is derived on the assumption that the rate of "pre-
cipitetion” of trecer is proportional %tc its own concontration times the
Tate of precipitation of carrior.
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100 —

cerricd

(3)

e b —>

{ solubility of carricr

C. Somo Genoral Statenments.

A fow gencralizrtions can he made concerning this methed of con-
ducting chemical separaticns and thesc may bhe usoed to some oxtent as work-
ing hypothesas, providing onc always boers in mind thrt ~ny conclusions
must be checked experimentzlly before theoy are taken seriously.

In gencral, hydroxide precipitaztes will carry rny tracer under
conditions wherce the tracer clement wonld itsclf precipitete if it vere
present in macroscopic armount.

Todate preeipitates scem to carry any trace cluments ivhich form
"insoluble" icdates in macroscovic amounts, Diffeorcnces in volences Fetroon
carricr and tracer seom te be of little importance in this cese.

In genersl, amorphous rracipitetes make
arc less spoecific in their csarrying then crystal

It can bc said ket if the tracer clemont end it carrier fornm
isomorphous sclids #nd tro ftrscir wiould precipitrte if it vere present in
macroscopic amounta, then the trecer will dofinit~ly be carrind., In this
case if the treee clement Torms lass soluble compOJnd vivh the oprecipi-

"‘J

tating agent then deces tie carrier oloment, then a zrosier percent of the

tracer than of the carricr vill be found in the preciniterte; if the trace
be Ed

@loment forms » morc soluble ccapound; then the ravorse is truc.

Onc objection to this mothod for general usc in cornection vith
fission product wasts sclutions that in order te rcrove most of thesna
substances, a nuber of different corricr precipitates must be usceé, cro-
viding it is desirsble to lcsve th: solution acidic, If the solution con
bec made basic ancé a2 hydrexide pracivitate usod, most of the leng-lived
fission procducts wilil be cerricd from solution; hoveover, cven under thesc
conditions cesium should net be carried.

2}
&

e
n
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XI. SUMIAARY OF TECHNICAL DIVISION ON LIQUID WASTE DISPOSAL PROBIE!

by
F. L. Steahly

Two generzal types of liquid process waste at Oak Ridge Notional
Laboratory arc: (1) Motal waste, and (2) Chemical waste.

Motzl waste is vaste which contains uranium obtained primarily from

pile slug dissolution., This wastc is being stored in underground tanks and is

not of concern for us here,

Chemical waste solutions arc derived from various process operations

as the solvont cextrzction pilot plent, the Rala process, the isotopes pro-
ccssing, and the verious chemistry rescarch projccts. Due to its high Al
concentration, the solvont oxtraction waste is stored scparately.

Thosc wastes contain chomical salts snd considerable fission
activity; therofore, disposal presents a problem of considerable dimcension.

Two linos of attack have been followed by the Technical Division:

(1) ZEvaporation.

The volume roduction obtainnd by cvernorstisn is limited Ty the
amount of salt ‘in solution. Chemical wastes, oxeclusive of ire sclvent ox-
traction waste, do not contain much szli of any kinc, Thir:fore, these
wastes may be concentrated vith some success. The maxirmm concentration
factor is ca. 40. A factor of 20 has been sclected for the current
cvaporétion design. The fceontaminetion factor obteinad rr gyaporation
is ostimated to be 103 = 10%,

(2) Chomical Troatment.

The bost chemical treatment developed at X-10 to date utilizes
tho following tws technigues:

(a) Scavenging with Fop037nH,0 and MnOyenky 0.
(v) TIon Exchangec.

The chemicel wasto has boen decentaminetod by & factor of ca. 500
with a volume reduction of 1000:1.

Of particular interest is the high flux pile weste prchblen. The
uranium in the vile fucl essemblies is rccovered in 2 solvent cxtraction
process. The reffinate from the extraction columns is o 1,3M 41(NO )3
solution plus fission activity. The general purposc of the chcmicai treatment
is to separate the tulk 41 from the fission products. Three advantages for
such a process arc:

(2) Re-use of the aluminum.

(1) Cheapor storage of the fission activity,

(¢) & premanont method for disposing of the bulk (aluminum)
of the waste.
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Using tho chemical treatment mentioned above, the X-10 "25" pilot plant
vasto has been docontaminated by a factor ca, 1000 with an attendant rcduction
by a factor of 50-100 in the volume nceded for "hot" liquid storage.

XII. ION EXCHANGE DEVELOPMENT IN TEE TECHNICAL DIVISION

by
R, E. Blanco and I. R. Higgins

A. "25" Aluminum Waste Troatmont. - R, E. Blanco

The "25" aluminum waste 2s reccived from the pilet plant consists
of a solution 1.3M A1(NO3)3 containing all the fission products. It wes
originally planned to cvaporate tris sclution tc a slurry (maximum vclume
reduction of 3:1) for storsge in steirnless stcel tenks., The cost of such
a tank farm is cstimated tc be ca. £2,000,000 for a 10 year opersticn of the
high flux pile. A4 process has been develoned to separnte the aluminun from
the fission products, resulting in a reduction in the volume nceded for "hot!
liquid storsge Ly a factor of 50-1CC. If thz 21 cen Le decontaminated to an
acceptable lovel it cen be discherged inte 2 streanm. If not, it could be
stcreé cheaply. 1In either ovent, the 41 could ke racyeled in the solvant
axtraction processes. The steps in the £1 decontaminsiion rrecoss are
2s follows:

(1) Scavenzing. Dilu*e the waste seluticn tc 8.5M Al, bring to
a boil, »nd 2dd 0.01% Fo as Fe(¥03)312 Hp0 crystals to precipitete collridal
Fep03+nHp0 and 0.006% 't as ¥n(NO3)p erd 0.004% i as KMnQy to precipitate
MnOy°nHy0. The Fop03°nkipd cerrias up tc 99% of the Ru vhile the MnO2'nHz0
carrics some Zr and almost quantitetive smounts of Cb. The MnOy also offectively
corrios the colloidal Fe so that sfter centrifugetion or filtration a cloar
solution is obtained. The precipitete is dried ené steored. The usc of this
scavenging technique results in deocontaminetion fectors of 1.5 for beta and
7-13 for gemma.

(2) The filtrate or contrifugete is diluted te O,1i AL enc 0.2%
HpC20,,°2 Hp0 and passed through en ion cxchansic column containing Doviex
"50" resin., After washing with 3 column volumes of 0,2% HpCp0y°RHp0C, the Al is
cluted with 5% Ho0204°2H20, The clutrate is scidified vith oxcoss HNOB and
boiled down to AL(N03)3 for recycle or to dryness for storegc or permancnt
disposal by dumping. The overall decontaminctien factor for the two staps
is 103; 21 reccvery is 98-9%. The resin is reactivated vith 61 HNO3. (See
Pzge 31.)
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B. Chemical Waste -~ I. R..Higgins

Considerable research has been conducted, using ion exchangs techniques,
for removing fission activity from hot waste solutions st X-10, Dowex 50 resin
has been found to be superior to other resins tried due to its high capacity and
stability. We have found Dowex 50 to be stable in 6N HNO; so that this reagent
may be used to reactivate the resin rather than 6N HC1 thits avoiding the corrosive
action of the latter. Scouting runs in both evaporation and ion exchenge inrdicate
that greater concentration and decontaminstion are possible by tresting the waste
beforec neutralization rather than afterwards. A4n ion cexchange end precipitation
procedure gave decontamination of about 20 for the necutralized waste comperced to
20C-1000 for the acid wastc. By evaporation of the neutralizod waste a volume
reduction factor of about 10 is pessible. Evepcration of the acid waste mekes
possible the fuming cof the volatilc acids leeving only sulfuric acid to be
ncutralized and stored. Evaporation snd ion exchange may be uscd in conjunction
with caech other sccording to two schemers, A =nd B,

A. 1. Evezporation and fuming of the »2cid waste ic concentrated
ES0,°D.F. = 10,

2, Ion Exchange and Fe(OH)B precinitetion of the condensate.
D.F. = 10° - 103,

The totsl D.F. is 10° - 106 ang the total volure raduction is detcrmined
largely by the amount of SQ; prosent. The qucst¢unpblc Zactor is the meteoriel
of construction of an cvaporstor thst will rzsist the action of beiling HMO3,
H250,, HCl, and possibly KF.

B. 1. Ion exchange and Fo(CE)3 pracipitsation of the acid-vaste.
D.F. = 102 - 103,

2. Evgperation -f the HHO2 regeneration acid.

The total D.F. is 102 to 103, yet & grester volume reduction is possiblc
because the only acid to be sveporated is H 103. Evaporator corrosion is eliminatcd
since only HNO3 is prescnt. 4 decision between scheme. & or B will be determined
by (1) o satisfactory corrosion rosistant meitoriel in the case of "A", or
(2) 102 to 103 being sufficient decontamination in thc casc of "B".

The chemical wastc solutions were analysed as follows:

- Tank W-6 Tank Wel?2
ion m&'gml mg!]nl

U 0.05 - 0.2 0.0006 - 0.2
Na 2,7 - 10,3 0.08 - 5.0
Ca <35.01 - 1,65 <0.001 - 0.02
Al 0,02 - 0,19 ¢,003 - .02
Fo 2,005 - 0,01 0.001 - 0.01
cl1 0.1 - 0.02 0.4 - 0.5

F 0.04 0.002 - 0.003
Coq .33 - 6.5 0.42 - 1.9
Soy, - 2,5 0.2 - 9.6
Po, 0.0002 - 0,006 C.CO1 - 0,004
Nos 3,82 -~ 12,0 0.4 = 11.3

ZEEMEEET U T i bt e ol B A S A0S S LN AL San Gl A Y 407 Gt AR T -2 S -
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Schematic Diagram of Ion Exchange Process
for Decontamination of Al Wastes
Filtration from Scavenging Step
iy n25n Feed Wash Elutriant
: 0.1 M AL | ! R "”“)
* O . % ] H - Fy o
' 0.2 % HyC,0, + 2H,0 ' 2 % HyC,0) . 2H,0 H,0,0, « 2H, |
< ' _\\ ’ T /' +
. I1I
\\\\\\\g J/ e
Sr
Dowex "50" Resin Cs
T.R.E.

1C0 -~ 200 mesh

////(/ l Wash
I !

Ru
ir
Cb

Combine I, II and III
and boil down for
"hot" liguid storage.

6n \
_HnO3

Resin Reactivaticn

3 and Y D.F. Ca. 1000

98 - 99 % Al

Product
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XIIT. DEVELOPMENT (F AN EVAPORATION SYSTEM FOR OAK RIDGE

MATIONAL LABORATORY LIQUID WASTE DISPCBAL

by
C. E. Winters

The Engineering Development Section of the Technical Division has not
been involved very long in the waste Gisposal problem. So far ve have been
involved only in the plenning snd investigstion aspects, and no laboratory
work has been done. (Note figure presented with Mr. Viitkowski's portion of
this report.) We believe thet in the tank farm operations 95 percent to 99
percent of the activity in White Osk Creek originates from tanks V-5 and W-6,
Tanks W-5 and W-6, therefore, will be first point of attack. Some waste
solutions sent to these %anks are quite acid., Wastes from the D-Building runs
have an excess of alkali; however, the long term averzge is alkslin., W-1l and
W-2 waste, which has very low activity most of the time, is ususlly decanted 1o
Settling Basin. Yhen the activity is high it goes to W-5. All of ths activity
and volume of W-12 go to W-5 and ¥W-6. The present hold un time in W-5 and V-6
is of the order of on=z or two months, after which the solution is decsnted
to the Ssttling Basin,

During a 21-week test period the minimum weekly flow into %-5 2nd %-6
was around 3600 gallons; maximum weekly flow ¥as around 57,500 gallons; sverage
was 30,600 gallons (} 7,000). Approximately 50,00C gallons per .ock is
considered as nocessary capacity of design cequipment.

Two prineipsl objectives at present are:

1) Tmmediate short torm solation to oroblaen,
2) Long term solution to the chemical waste oroblem.

1) Immecdiatg Short Term Soiution to Froblem.

Evaporation is only means at our disposal at present which has a rcason-
able chance of success without an extensive development program.

Tt is plannad for the evaporztor ito handlc 211 "concontrsted" chemical
vasta snd to provide dats on scaling, cntrainment, fer the dosi
cntrainmont scparstors.

In this evavorator ve hopc to sttain 2 20:1 volume reduction retio--and
a 103 to 10* docontamination factor for the condensatc.

The coneantrate is to be either stored for decay or, as we are now
plenning, dryed, probably with a spray dryer. If stored in W-6 the storage
snace would last -

1.4 yoeis et maximum output of cvaporator
2.1 voars at cxpected output of wvavorstor

~
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2) Longer Range Plans,

a) Investigate cntrainment sceparators to raisc decontamination factor.

b) Invostigate submerged combustion typc of evaporation whers there is
no scale formation and thus maintain easz of decontamination.

¢) Investigatec dryers. No dotsiled consideration hes boon given to
dryecrs at present.

d) TInvestigate crystellizstion as means of scwmaration of inactive salts
from active salts.

XIV. DESIGE OF AN DVAPORATION SYSTD!! (R OAK RIDGE

NATIONAL LABORATORY LIQUID V.ASTE DISPCSAL

b}r
F. L. Culler, Jr.

ds ive meiorisls being discharged
to and adsorbed in Whits Ork Creek indicste thst *he creook mud is rapidly
approaching its saturetion point, ancd thet const

discharged to the Clinch REiver. In order to =
proposals have been madc for wrocussing all plar
active westes prior to discherge to the crock
evaporation, ion exchange, »nd soivent extrection.

1sicdo

-1laviste this situstion, several
nt non-alphe emitting radio-

The processes studies include

.
[

Eveporation was choscn as an immediately aveilsble mothod of reducing
the amount of rsdioactive wirste to be discarded. Plans are now being formulated
to instszll simple evaporation cquipment which vill pornit a 20:1 concentration
of radioactive wastes for storage and vhich will nrovide a» dccontamination
factor of approximatoly 103 in the condenseto which is discherged into White Oak
Creek. It is recognized that this avproach is only a temperary solution to the
waste problem. By tho time that storage facilitics are agein roaching the point
of cxhaustion, additional mothods for drocessing hot, non-metnl-bearing wastes
will have been developed.

Thoe Onk Ridge National Leborztory is now producing an everage of 30,000
gallong of active liquid wasitc por week vith 2 peal load of 43,000 g=1llons pcr
woak (99.9 percent assurance). Present plens call for the ercction of an
ovaporator system vith sufficicent cevacity to cvepcrate & maximum of 300 gelions
of water an hour or 50,000 gallons a vesk if run contimuously. It is felt thet
the 65 percent excess capacity is varranted for scveral roasons; first, to

EPOE R MY U s O SRS SR ARSI g AN S T AN e
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"got ahead" of the existing liquid waste now stored as well as to koep up with
praosent production; sccond, to permit a certain amount of down timec while the
cvaporator is being operatod on an exporimental basis; and last, to hardle any
unforseen surges in waste production or additionsl sources of liguid wastes.
Tho location of the evaporator with respect to tank farm tanks is shown sche-
matically on Page 37. . :

In so far as possible, existing equipment now in the Oask Ridge ares
will be used for the cvaporator and its auxiliaries. Three tanks from the Osk
Ridge National Laboratory burizl ground and seversl condensers from the Midway
Warchousc No. 8 arc to be used, Items which will be fabricated or purchasecd
include a cyclonc separator and a vacuum jet znd condenser. The tanks on hand
are all Typc No. 309 8 Cb stainless steecl; the condensers arc Typo 347 stainless
stael.

The three tenks will be used as cvaporator feed tank, pot cvaporator,
and condensate cetch tank, respactively. The fecd tank has a capscity of
2150 gallons and will be run at atmospheric pressure. The cveporator and catch
tank each have 2350 gallon capacity, snd will be run under 24 inches Hg vacuum,
The cyclone scpsrator for reduction of cntrainment %ill be fabricated, and vill
bo 15 inches in diamoter by 5'6" t511. Eight condenscrs will be used in parallcl
with two morc usod as after coolers for cach bank four condensers, The vacuum
jot to be purchased vill have sufficient capacity to hold the cvaperator systom
under a 24 inch vacuum during oporation.
Fage & shows a schematic flowsheet for the evaporator system,

The vacuum facilities were added for evaporation because it was
found that entrainment and the tendency toward scaling are both reduced when
evaporation is conducted under vacuum.

Calculations on the cyclone separator indicete that under vacuum
all particles larger than 140 microns in diameter will be removed. The
pressure drop across the cyclone et 24" vacuum 3'ill be 5 inches of water.
At the design inlet vapor velocity of 150' per second, & centrifugal force
of 600 g will be produced in the entrainment sepsrator.
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XV. 'THE WASTE DISPOSAL PROCRAM UNDERTAKEN BY THE HEALTH PHYSICS DIVISION

By Forrest Western

In trying to present our waste disposal studies to you, I am sure that I
will make statements that are repetitions of things that you have already been
told. T do so more or less consciously because I would like to make fairly clear
our underlying philosophy in conducting these studies.

I am told that eerly plans for Oak Ridge National Laboratory called for
operation for only a brief period of time and for the retention in storage of
substantially all of the liquid radiocactive wastes. BEarly changes in chemical
processes required quantities of process liquids which could not be storsd re-
sulting in the adoption of an operating policy which provided for the dumping of
quantities of radioactive wastes into the drainage system of the Clinch River at
"gsafe" rates.

The maximum rates that were considered safe were arrived at by consultation
between Dr. Simon Cantril, formerly medical advisor for this laboratory, Dr. J.&.
Hamilton of the University of California Radiztion Leboratory and Dr. R S. Stone,
at that time in charge of the radioactive wastes of the project. As a result of
this policy, a number of devices have been used to keep the average rate of
"dumping” well below the established maximum valuc.

W4th the development under the AEC of continued interest in operation at this
gite and with relief from wartime urgencies and more widespread knowledge of the
nature of our operations there resulted increased tendencies ® question the wisdom
of continued dumping of significant quantities of radioactive wastes into the
river.

In addition to a reluctance to raise the natur:l radisactive background by
the accumuletion of long life isotcpes, our uncertninties involve such questions
as possible physical and biological concentrations and effects of even existing
levels on plant and animal 1ifc and indirectly upon man

Unfortunately, a2s in m:ny other cases, involving hmzards from radioactive
materials, wc have no adequrte informstion upon which to base a good evaluation
of the hazards involved. The Health Physics Division of this lzboratory has long

for such evaluation. Not too long agc we considered that such a program might be
necessary to determine the extent to which our present waste disposal practices
] ghould be improved.

More recently, plens to expand opcrations in the atomic energy field, to-
. gether with expressions by the AEC of a cautious attitude with respect to radio-
! active waste disposal, have led to rather widespread feeling that new construction
here and elsewhere snould include provisions for the rather complete removal of

S AR o 4 A NN 454 S MO NG Y Lo o DK I TR
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; been convinced of the desirebility of an extensive, systematic study of the behaviou.
' of radiosctive materials released into the drainage system which when combined with
the results of needed biochemical research, would provide us with a much better basis

such wastes. Acceptance of this view by technical groups planning new installatione
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The meteorology program with J, Z. Holland is not yet formulated.
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The following outline is currently used as the basis for planning
waste disposal studies in the Division of Health Physics, ORNL. It is
expected that the Health Physics group will be primarily concerned with
items listed in Column A,, although it is planned to take advantage of
opportunities to apply knowledge so obtained to items listed in Column
B, so far as manpower and facilities permit, In Column B, it is antici-
pated that Item T will be done largely by technical design groups, and
that Item VI may receive the attention of medical and biochemical groups
elsewhere.

Waste Disposal Problem

A. Fundamental Research to obtain B. Development of Methods of

detailed knowledge of behaviour

Preventing radioactive materials

of radioactive materials in
1) air, 2) water, 3) soil, L)
plants, 5) animals, 6) man.

1. Meteorological (J. Z. Holland, etc.)

II. Geological (P. Stockdale, etc.)

III. Gross behavior of radioactive

materials in a) drainage systems,
b) soil, c) plant 1ife under con-
ditions of discharge from CRNL

and similar plants.

e}

te
ar

This includes & study oi wa
filtration plants anc sanit
sewage Gispcsal riajic,

TV. Specific behaviours peculiar to

individuql elements:

—

€

from producing damage to a)
Man, b) Animal or Flant Life.

Methods of control at source.
Lt CRNL it is anticipated that
the technical problems involved
#ill be attacked principally by
the Technical Division.

The following proclems are of
P

current isgortance principally because
of military pcssibilities.

iz,

Wethods of removal from water
supply.

11I. Methods of removal from air by

use of masks, filters, etc.

a) Certain g-y's, Pu, Po, U, etc. 1V. .ethods of decontamination of
a} cersons, b) clothing,
V. T®ffects of radioactive materic ¢) ecuipment and buildings.
on fish and animal life.
V. Methods of detection and survey
under conditions of warfare.
¥I. Methods of purging from interior

of body-
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TMMEDIATE PROGRAM FOR ORNIL_GROUP

1) Critical revievw of present routine waste monitoring operations to
gselect or make available data of fundamental interest.

2) Program with A - Geme and Wwildlife Branch
Stream Sanitation Branch

This fall - preliminary sanmpling for algae, plankton, gediment, and
water at stations from Norris to Watts Bar Dam.

Large scale study of fish from 3 or b embayments of
about 2 acres each. The fish in these embayments are

to be immobilized and samples taken for study by both
7vA and ORNL.

On the basis of this prelininary study, it is anticipated

thet 2 more complete cooperative program of stream studies
may be plammed for next year.

3) Vater Systen and Sewage Plants

a) Studies in connection with cxisting plants here and elsewhere.

b) Cooperation with design enginecrs for neW SCWage plant to
incorporate facilities Tor cxperinental stuldy-

¢c) Pilnt or large scole 1aboratory studiec-
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XVI. FROPGSAL FR 4 CENTRAL BURIAL GROUND FOR OAK FIDCE OPERATIONS
by J. Deal

The question of burial as & means of disposing of radioactive waste
has been investigated recently by the Atomic Energy Commission,

Some of the unknown factors involved in Burial Grounds are:
1) The Geology of the area, 2) Amount of radioactive material retained
by the soil or the amount of waste materisl leached from the soil, 3) The
biological concentration factors that may exist,

The, committee investigating the status of burial grounds and methods
used in disposing of radioactive scrap material found that scrap is retained
in storage if it has any possible use or value evan though it is only slightly
radiocactive. This is necessary because of the present poliey of not allowing
any material to go into the open market that hes a dotectable smount of
radioactivity on it. Burial grounds are now boing used primarily as a means
of diswosing of all rasdiosctive garbage, regsrdless of the sctivity level,
and secondarily, 2s s means of disposing of a smell amount of meterisl thet
is active to 2 degree thst would creste = health hazsrd,

The committece undertook to dotermine how much surplus redioactive
material is now in Ozk Ridgc. For the purposc of the survey, the informstion
was broken down into three general parts which were in turn broken down into
five sub-divisions. They sre as follous:

A, Materials that are above the Present allowable limits for ralease
to industry.

B. Meterirls that are below the health tolerance, but =bove any limit
that may be roleased to industry, even if the present allovable
limits narc reiscd by several orders of nagnitude.

C. Matorizls thst ~rc a2bove the sllowable health tolar=nce,

The five sub-divisions aro:

1. Secrvicezble squipment.

2. Ferrous motzl scrap.

3. Non=-ferrous metszl scran.
4. Combustible materials.

5. Non-combustible meaterials,

It was found that thorc is & total of about seven thousand tons of
contzminated materials now boing stored within the 0=k Ridgo Operztions. It
was also pointad out that the problem of disposel of scrap is chronic rsther
than acutc, but thet some action will be Neeessary within the next year or so.

Sinee theore srz throc plants vhich are disposing of materials in Ork
Ridge, it is proposzd to give this problem to one crntrel group for study »nd
action, It is proposcd that this group have a laboretory, an incincrator, a
small smelter 2nd pormenent storage for thosc items that cennot bo releasad
or dacontaminated,

It is further proposed that some research group b2 retained to cenvas
industry to advisc the Commission as to what levels of radioactivity industry
can tolerate. The functions and results of this rescarch group would probably
be coordinated 2nd put into use by the pronosed Centrslized Disposal Group.

CESETEEN,




